In order to overcome these disadvantages, a method has been proposed in [6, 7] , which uses both DGS resonators and a compensated microstrip line to design the desired LPF.
In this paper, a new compact H-slot is presented to serve as a DGS cell element for the microstrip line as shown in Fig. 1 . The filter has been fabricated and measured. The measured and simulated results show a good agreement.
II. CHARACTERISTICS OF THE DGS
The proposed DGS is symmetric and consists of four capacitive arms, which are connected to a rectangular slot. All are etched on the bottom of the substrate as shown in Fig. 1 . The rectangular slot corresponds to an inductance.
The two H-heads are connected together via a slot of 0.6 mm width. This slot channel corresponds to a capacitance, as shown in Fig. 2 . In many works, the conventional equivalent circuit parameters are extracted from an electromagnetic simulation by matching to a one pole Butterworth band stop filter response, as discussed in [8] - [9] . In this work, the circuit does not have an easy structure; therefore, the extraction will be realized through the optimization method. The conductor strip of the microstrip line (50Ω) on the top plane has a calculated width W of 1.9 mm. The substrate dielectric constant and thickness (h) are respectively 3.38 and 0.813 mm. The dimensions shown in Fig. 3(a) and their corresponding values are shown in Table I . The DGS cell is simulated using Microwave
Office. The simulations of the DGS cell are carried out by Microwave Office and the obtained results are depicted in Fig. 3(b) . It shows the characteristic of a one-pole LPF. Accordingly, we can get the attenuation pole frequency (f 0 ) at 5.2 GHz and the 3-dB cutoff frequency (f c ) of the filter at 2.4 GHz.
The H-slot in the ground plane acts as a parallel resonant circuit; it can be modeled by an LC circuit as shown in Fig. 2(a) . The values of L, C and R can be computed using: 
(2) 
At resonance frequency, the relationship between LC and ω 0 is defined as follows:
Substituting the result of eq. (6) in the eq. (5), gives: 
III. COMPARISON OF S-PAREMETERS OF DIFFERENT SLOTHEADS
Three fabricated different DGS slot heads with their dimensions are shown in Fig. 3(a) . Fig. 3(b) shows the simulation results of the different DGS cells. It is observed that all DGS resonators have the same resonance frequency of 5.2 GHz. From Fig. 3(b) , it is clear that the proposed DGS is superior over conventional ones [3] . It gives a deeper rejection in the stopband and smaller losses in the passband, while having the same size as the other conventional DGS. These three DGS resonators can be used to construct a compact filter with intrinsic spurious rejection. First of all, the DGS section is an appropriate for use since it has a low insertion loss. Second, the wide and deep stopband of the DGS section can be employed to suppress the spurious pass bands at harmonic frequencies. All these advantages are due to the slow-wave effect, which appears due to the capacitive coupling and can further reduce the size of the structure. It is therefore possible to design and fabricate a compact LPF with a wide upper stopband.
The proposed H-filters make use of this fact. In order to prove that, the suggested H-DGS is more favorable than the other conventional DGSs, the slow wave effect method will be used, by placing the three slots on the ground plane of a 50Ω-microstrip line. Their heads will be changed, while keeping 
S11 & S21 [dB]
Brazilian Table I ). 
IV. INFLUENCE OF H-DGS DIMENSIONS ON THE ATTENNUATION POLE FREQUENCY
The proposed slot is shown in Fig.1 . It can provide a cutoff frequency and an attenuation pole at some frequency without any periodic array of DGS [4] . In order to investigate the frequency characteristics of the etched slot, we simulated the DGS unit section using Microwave Office. The placement of the DGS under the microstrip line involves the appearance of a resonance frequency.
This effect is due to the increase of both the effective permittivity and the effective inductance of the microstrip. The variation of the dimensions of the etched square area (FH) and the etched gap shifts the cutoff frequency and the attenuation pole location in the frequency domain. As is well known, a resonance frequency can be generated by a combination of inductive and capacitive elements.
Therefore, in order to explain the simulated frequency response of the proposed DGS section, we introduced a capacitance in the equivalent circuit. The etched gap area, which is placed under the microstrip line, corresponds to the capacitance and the head area is equivalent to a series inductance.
Consequently, the DGS unit is equivalent to a resonant circuit as shown in Fig. 3 . The parameters of this DGS equivalent circuit have been found using curve-fitting. They are: C = 1.1pF and L = 2.9nH.
In order to investigate the effect of the slot-arm dimensions, the etched gap [5] - [6] , which is related to the gap capacitance, was kept constant at 0.9mm and the etched rectangular area was varied. The simulation results are illustrated in Fig. 4(a) . As the arm-lengths are increased, both the characteristic impedance and the series inductance of the microstrip line are increased while the cutoff and resonance frequency are decreased. Next, we investigated the effect of the etched gap distance. The slot head dimensions were kept constant and the etched gap distance was varied [7] . The simulation results are shown in Fig. 4(b) . We can note that there is no change in the cutoff frequency. In addition, the attenuation pole location moves up to a higher frequency. This means that the gap corresponds only to a capacitance. In the last case, all parameters were kept constant and t was varied, the Square head Arrowhead H-head simulation results show that there is no modification. Fig. 4(c) shows strong suppression of the S 21 response at higher frequencies [3, 6] . This means that the parameter t affects the reject band. By adjusting the value of t we could obtain a wide stopband. These results prove the advantages of the suggested H-DGS compared to the conventional ones. shown in Fig. 6(a) . The measurements were carried out on an HP8719D network analyzer and are shown in Fig. 6(b) . It can be seen that the measured results show a good consistency with both the EM and circuit simulations. The fabricated LPF has a 3dB cutoff frequency at 2.4GHz and a suppression level of 25dB from 3.85 to 14GHz; the insertion loss in the passband is about 0.65dB. Therefore, we have demonstrated that the proposed coupled DGS LPF is very favourable than the designed LPFs in The objective of this short investigation is to verify the dependence of the equivalent circuit elements (capacitance and inductance) on the surface as the distribution electromagnetic field. The simulation results are shown in Fig. 7(a) and Fig. 7(b) . The microstrip structure is divided into two regions. In the region I, the electric field is highly concentrated in the gap, hence any change in dimensions of the gap affects the effective capacitance of the structure. In the region II, the electric field is nearly vanishes. It means that the length of the arms (l 1 ) does not affect the effective capacitance of the filter structure. On the other hand, the current is distributed throughout the whole structure. Therefore any change in the length of the H-arm strongly affects the magnetic field distribution and hence the surface current, which in turn leads to a change in the effective inductance of the structure. Therefore, those regions I and II correspond respectively to a capacitance and an inductance. The full structure corresponds then to an LC-resonator.
VII. CHARACTERISTICS OF THE DGS WITH GAP (S)
In order to design and to realize the band pass filters, the complicated method are often used. The idea in this work is that instead to use these conventional methods, a new transformation based on a small opening (or gap) will be used (see Fig. 7 ). The gap is placed on the top layer (discontinuity on microstrip feed) and plays a role of π-inverter; therefore, the signal will be suppressed in both lower and higher frequency domain, which leads to a property of the BPF. The H-DGS slot is modeled by a complex LC resonant circuit [6] . The effect of the gap is equivalent to a π-network consisting of shunt (C p = 0.0047 pF) and series (C g = 0.013 pF) capacitances [10] - [11] . They can be calculated with the following expressions: 
[ ] In order to realize a coupling matrix which conforms to a chosen topology, it is necessary to give first the specifications of the filter. The desired parameters will be then extracted by using an optimization-based scheme [10] . The coupling coefficient and quality factor curves [10] are then used to realize the obtained coupling coefficients. In our case, the second order filter is with a bandwidth BW = 700MHz, return loss RL = 20dB, and the centre frequency f 0 = 3GHz. The obtained coupling matrix from the optimization scheme is:
The external quality factors are q 1 = q 2 = 0.772 . To realize the normalized coupling matrix and quality factors, we use the required fractional bandwidth FBW = BW/ f 0 , the actual (denormalized) coupling matrix becomes The M-coupling coefficients and Q-quality factor will be inserted in the experimental curve [10] [11] [12] [13] [14] [15] [16] [17] in order to get the optimal distance between the DGS resonators and the shifting distance d between the feed line and DGS resonator. The unknowns distances s and t are respectively equals to 700 µm and 7 mm (see Fig. 8(a) ).
X. FABRICATION, MEASUREMENT AND DISCUSSION
The optimized DGS and the microstrip line gap width g were used to transform a LPF to a BPF.
They were fabricated on a (0.55λ g × 0.46λ g ) substrate with λ g = 0.054m. The Photography of the filter and its simulated and mesaured results are shown respectively in Fig. 10(a) and Fig. 10(b) .
Measurements were carried out on an HP8719D network analyzer. It can be seen from A new concept of a compact LPF using two H-DGSs has been proposed. This lowpass filter is not only of compact size, but also offers control of the cutoff frequency and transmission zero by means of the H-arm structure. To verify the performance, the filter was fabricated, simulated and measured.
The measurements show a good consistency with the simulations. The LPF has a low insertion loss in the passband and a very high rejection in the stopband from 2.4 to 14GHz.
In order to change the H-DGS LPF to H-DGS BPF, a novel LPF-BPF-transformation method using DGS resonator and gap s as J-inverter has been presented. To demonstrate its potential, H-bandpass filters with suppressed spurious bands have been designed and fabricated. Two transmission zeroes can be positioned above and below the passband which give good attenuation characteristics. The design example in a microstrip DGS form provides a good agreement between the measured and simulated frequency response of the filter and verifies thereby the proposed method. Therefore, it is expected that the proposed structures with its compactness, simplicity and large stopband characteristics will be a strong candidate for applications in various integrated microwave circuits as well as other types of filters.
